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INTRODUCTION 
Since eye specialists first began investigating eye ano­
malies, the question of how to go abotit ascert�ining the various 
changes that occur in the human eye has been an important part 
of the cons€quential diagnosis. With modern age technology the 
advancement of· a number of inst ruments has occurred to make the 
job of investigation more exact and meaningful. However, the 
search for new methods and instruments for better measure and 
understanding o� eye problems should go on, as the one perfect 
way for determination has not been developed. Rather, in 4ts 
place �he different techniques are variously used together to 
help provide information as to the state of the eye. In addi­
tion, new ways, methods and techniques are continually being 
advanced to aid in the determination and quantification of changes 
within the eye. It is the purpose of this study to suggest, 
perhaps, another technique to add to those resources already 
available to· an eye specialist, whose quest it is to avert pos­
sible complications of the eye through the examination and 
discovery of progressive abnormal changes. 
In the application of new techniques which uncover the 
existence of, or progression;toward, possible eye problems, the 
idea of the employment of the birefringence (photoelasticity) 
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of light as a method to be used on the eye has evolved. Bire­
fringence, which means double refraction due to different 
indices, has been. shown through the use of polarizers to occur 
within the cornea of the vertebrate eye at the site of the 
corneal lamellar. However, birefringence was first used in 
other areas, especially in industry, as an optical techniqu� 
(again with polarizers) to determine structural weaknesses. 
Another use and a particular example of birefringence has been 
in the optics field where birefringence provides the principl� 
on which the comascope is based, the instrument being used as a 
means to identify various kinds of lenses. Since the appli­
cation of birefringence requires a transparent medium and because 
the eye is one, the possible results of obtaining birefringence 
of the eye have been investigated to a certain degree, and the 
research has met with success. Birefringent patterns hav�been 
observed by projecting polarized light through the cornea on to 
the iris; the iris serves as a simulated projection screen. The 
patterns seen can be identified by their size, shape and color. 
Because these patterns can be seen and examined and because they 
seem to change their formation and color as a result of changes 
occurring within the eye, the applicability of birefring�nce as 
a technique to investigate the actual ongoing alterations within 
the eye is quite likely. 
Concerning our study, it is our intent, then, to evaluate 
the employment of birefringence as to its reliability for use 
clinically as a measure o� corneal changes. We wish to use the 
principle of birefringence on a number of individuals who we 
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feel are experiencing corneal changes in order to realize if 
birefringence, as a methodology, also indicates that changes are 
occurring. These individual s wil l be contact lens wearers whose 
corneas may or may not be al tering due to the wear of contact 
l enses as measured by a keratometer. It is our belief, that 
birefringent stress patterns will change as the cornea changes. 
If noticeabl e changes do occur, it woul d seem quite l �kel y  that 
with further improvements and clinical refinement that the prin­
ciples of birefringence could be employed as a means to warn of 
possible ocular complications and thus become another tool in 
the battery of resources availabl e· to the eye specialist. 
\. 
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BACKGROUND 
Previously, mention had been made of studies that employed 
the principles of birefringence as a technique to �bserve corneal 
changes. Even earlier studies were responsible for recognizi�g 
the existence of birefringent stress patterns within the eye, 
and these investigations laid the ground work and understanding 
necessary for utilization of corneal birefringence. 
As early as 1921, Koeppe had described the polarizing phe-
nomena induced by the different structures of the anterior seg-
3 4 ment of the human eye. In 1966, Francois et al. used po__l arized 
light as a means to examine the quality of corneal collagen 
tissue. These investigators discovered that there was a loss 
of birefringence when the collagen tissue of the cornea changed, 
thereby indicatirig that precise information as to• the nature of 
corneal degeneration was available through the use of birefringent 
principles. 
' ' ' 3 Later, Boudet and Arnaud . investigated and then 
labeled the different classes of corneal isochromes which were 
the result of corneal birefringence. Their study was conducted 
·without removing the cornea from the eye, which had been common 
to all studies up to that time. In their report Boudet and 
Arnaud described four types of stress patterns. These four· 
types are drawn below. 
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type 1 type .2 type 3 type 4 
Type V is absence of all isochromes. Boudet and Arnaud 
reported that two-thirds of all people had type I and the next 
. 3 most common was type II. 
More recently, two other investigators, Moreno and Sanabria, 
examined the use of birefringence on subjects who had normal 
corneas and on subjects who had pterigiums, and then made compari-
sons. They learned that there was an absence of colored bands 
at the site of implantation and an extinction of isochromes on 
the opposite side of the implantation of the pterigium. However, 
they discovered that when the pterigiums are removed the iso-
chromes return to the area where they had been absent. The 
pterigiums indicated a zone of stress and the return of iso-
chromes indicated a. lessening of stress . Also, these investi-.. 
gators determined that three forces acted to form the isochromes 
and these are 
(1) muscle forces about the sclera 
(2) forces produced by intraocular pressure 
(3) forces produced by traction of the iris 
Moreno and Sanabria determined that the forces produced by ' 
\ 
intraocular pressure and the forces produced by traction of the 
iris were most important. 
These studies each contributed additional information 
towards an understanding of corneal birefringence. Of late, the 
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movement of investigations has been in the direction of the 
application of birefringence as a means to measure corneal 
changes. A recent work to make this application is a further 
study by Moreno and Sanabria in which the effect of contact 
lenses on the corneal birefringent stress patterns was measured. 
Drawing on efforts and knowledge gained by previous researchers, 
Moreno and Sanabria were able to observe the isochromes of which 
- Boudet and Arnauct5 had described, and consequently, they dis-
covered that the stresses induced in the cornea by contact 
lenses altered_the isochromes. In studying the isochromes, 
Moreno and Sanabria observed the following facts: (1) "broader 
bands means -less stress, and thinner means increas�ng stress; 
(2) an increase in number of isochromes means more stress; and 
(3) shift of color from red and yellow to blue or green means 
an increase of stres_s. 116 With this knowledge at hand, Mor_eno 
and Sanabria conducted �- study of eighty- eight' eyes which were 
fitted with hard contact lenses and sixty-three eyes which were 
fitted with soft contact lenses. These investigators concluded 
that among those fitted steeper than "K" by .50 diopters, there 
was no charrge ·of stresses experienced by the cornea due to the 
wear of contact lenses. Concerning fits of contacts that were 
fitted on "K", it was noticed that there was a decrease of car-
neal'stress due, they believed, to the reduction of corneal 
astigmatism caused by the contact lenses. Pertaining to the 
soft contact lens wearers, Moreno and Sanabria learned that more 
stress was induced on the cornea by soft -c.ontact lenses than by 
hard contact lenses. The conclusions reached by Moreno and 
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Sanabria are indeed interesting and it seems quite evident that 
if their results are truly correct, then a great deal more may 
lie in the offering. 
In conducting a. review of the literature concerning the 
subject of birefringent stress patterns of the human cornea, 
it has become quite clear that there really is a paucity of 
information in this area. It is noteworthy that most all work 
on this subject has been done outside.of the United States. 
Very little has been done in this country which matches the 
kind of work which Boudet and Arnaud or Moreno and Sanabria 
have been doing. Why, up to now there has been this scarcity 
of research on birefringent stress patterns of the cornea by 
researchers here remains a mystery; however, it does explain 
why we were unable to find more sources in this field. It is 
ou-r intent, therefore, in this study to attempt to ( l) rea_ff irm 
the use of bi.refringence as a means to determine. the amount of 
corneal stress induced or relieved by contact lenses; (2) seek 
other applications of corneal birefringence towards the wear of 
contact lenses; and (3) add new information to the subject of 
birefringence as applied to the cornea, which up to now seems 
to be somewhat lacking. 
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THEORY 
In order to examine the usefulness of birefringence as 
applied to the cornea, there must first be an understanding of 
how this phenomenon comes about. When a transparent and bire� 
fringent body is placed between. two crossed polarizers, it 
allows some amount of light to go through, according to wave­
length. This occurrence is called 11natural birefringence." 
In addition� some transparent mate�ials are able to acq�ire 
this property when submitted to stress. This phenomena is 
called "accidental or induced birefringence." The living .�ornea 
has "accidental birefringence." 
When the cornea is illuminated with linearly polarized 
light and observed through a.polaroid, which has its transmission 
axis at right angles to the axis of polarization of the illu­
mination, corneal polarization is the result. · The light and 
dark areas of the birefringent patterns are due to the rotation, 
depolarization, or extinction of the incident light. The fac­
tors ·important in depolarizing and rotating the incident light, 
which cause scattering or retardation of the incident light, 
consist of (1) corneal curvature, (2) the birefringence and 
orientation pattern of the corneal collagen, and (3) reflections 
from the lamellas and iris.7 
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The apparatus necessary to view the phenomenon is basically 
quite simple. A light source and a d�ffuser with a polarized 
filter and then another filter as an analyzer are all the parts 
that are required4 In our set-up, a single large polarizing 
filter served both of the above described functions. The exper-
iment. can be done with both parallel or crossed polaroids. The 
light is polarized as it first enteres the filter and then is 
� 
polarized once again when it is reflected from th� iris back 
through the filter and viewed by the observer. The exact 
instrumentation and the methodology employed shall next be 
described. 
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METHODOLOGY 
The first p�rt of this investigation of biiefringence of 
the cornea will be concerned with establishing a baseline of 
"normal" values from subjects who do not wear contact lenses. 
Our purpose is to deter�ine whether an individual's is6chrom� 
pattern·wi11 change due to time only, when no outside stress is 
induced on the eye. During this part of t he study we hope to 
develop skill at interpreting and measuring the variations of 
the isochrome patterns. The number, color, width and orien­
tation of the colored bands will be measured and. these measure­
ments will be used to make analyses and comparisons. 
The second part of the study will involve a group of new 
contact lens wearers in order to see the effect of this added 
stress. Each subject will be measured in the �orning, then 
again later, preferably that same.day. We would expect that 
after wear of contact lenses, a new patient would experience 
some changes of the cornea and that birefringence would reflect 
those changes. This second group will be compared to the con­
trol group to see if the changes that have occurred, if any, 
are due to the added stress caused by the contact lenses. 
We shall a1so look at a third group comprised of long-time 
wearers of contacts. Do these subjects experience the same 
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·. 
kinds of changes as one who. is new to contacts, or do adjust­
ments over time make a difference? This is an important question 
because adapting to the new stress by the cornea would indicate 
that the contacts can be tolerated. Also, if there is a dif­
ference, then this would indicate that birefringence could be 
used to differentiate a poor fit from one that has been comfort­
able. If, however, there is no difference between new and long 
time wearers this would show that the stress patterns are there 
regardless., and that nothing such as modifying the lens will 
alter that condition. 
·. 
In addition to measurements of stress patterns, we will 
measure spherical and astigmatic changes with· a keratometer, 
which will help confirm that changes have occurred. If the 
keratometer does show a change then it �s also expected that the 
isochromes will vary. For example, a poorly fitting con ta.ct 
lens that produces corneal edema and discomfort should show 
"K" changes and isochrome changes. 
Finally, we will sketch and record measur�ments of the 
stress patterns on drawings we have made that simulate the iris 
and pupil of the eye. An example of our recording sheet is 
provided on the following page. 
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Subject.�-
------- Age ___ � Da te -------- Time 
------
RE OD 
OD 
) 
"K" 
Upper 
left 
Lower 
left 
Rx form ____ _ 
OS 
----�------� 
Upper 
right 
Lower 
right 
Date �ime 
���-�---
---------
-11a- lmrn= 10mm on ret. 
) 
) I 
DESCRIPTION OF APPARATUS 
(1) A polaroid filter was used. It was pl'aced in a trial 
frame and the filter was dotted on the edge in order to deter­
mine the ax�s that had been set. This was necessary to insure 
that the same axis was used when checking the subject a- second 
time. 
(2) A biomicroscope was found to be most convenient for 
providing a source of light and magnificatiori (10 X) in order 
to observe the isochromes on the ir�s. I� addition, a reticule 
with divisions of .1 millimeteis (from a peek scope) was � 
inserted in the eyepiece of the biomicroscope for determining 
the band width. 
(3) A rec_ording form was constructed. (previous page). 
(4) Use of a keratometer was made to measure corneal 
changes. 
(5) The polaroid filter was rotated u.ntil maximum appear­
ance of the bands was achieved. The bands were measured in four 
quadrants as to width, number, and color. Two measurements were 
taken on each subject as previously described. 
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RESULTS 
The following several pages are a compilation of the data 
we collected concerning the subjects we studied. Measurements 
were taken on 22 eyes in group I, 22 eyes in group II, and 20. 
eyes. in group III . .  In.each of the four quadrants of one eye, 
band width and band number measurements were made. 
Table I provides comparison of band ·thickness changes among 
nan-contact lens wearers. 
Table II provides comparison of band -thickness changes 
among new contact lens wearers. 
Table III provides comparison of band thickness among sub­
jects who are long-time contact lens wearers. 
Table IV provides comparison of band numb�r among non­
con tact lens wearers. 
Table V provides comparison of band number changes among 
new contact lens wearers. 
Table VI provides comparison of band number changes among 
long�time wearers of contacts. 
Table VII describes a shift of colored bands for long-time 
wearers of contacts. The changes of colored bands provides 
essentially the same information as does changes in band number, 
however, description of changes for one group was made to show 
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the �irection of color shift. This table also provides refer-
ence for later discussion. 
The two graphs allow an overall comparison of the three 
groups as to band thickness and band number. 
Examination of the tables and graphs reveal that in all 
cases of contact lens wearers versus non--conta.�t lens wearers, 
there is a constant grouping about the mean. Only the amount 
of variability among each group·. is the differentiating factor. 
The least variability occurs with non-contact lens wearers, next 
least is with long-time contact. lens wearers, and most varia-
bility is with new contact lens wearers. Although keratometric 
changes are not shown here, on our recording forms we observed 
a relationship between large "K" changes and birefringent 
changes.  The overall implication of the results is, apparently, 
that an external force does produce measureable changes, espe-
cially if the stress is great, but over time a patient either 
adapts to the new stress or he obtain� a refit of his lenses. 
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'.rable 1 
Changes in Corneal Birefringence band thickness in non-CL wearers 
thickness total number of samples 
changes 
( 1\11\f, • ) Upper -upper Lower Lower Total 
left right left right 
-2.0 
-1.5 
-1. 0 
- .8 
- .6 1 1 
- .4 1 1 
- .2 2 }.j- 5 2 13 
0 lL� 1 6  1 3 15 58 
+ .2 4 1 2 2 9 
;:,.. .Li- 1 3 4 
+ .6 
+ .8 
+1.0 1 1 
over 1 1 
total 22 22 22 22 88 
Table 2 
Changes in Corneal Birefringence band thickness in new CL wearers 
thickness thotal number of samples 
changes 
(mm.) Upper Upper Lower Lower Total 
left right left right 
-2.0 1 1 2 
-1. 50 
-1 .0 3 1 2 2 8 
- .8 3 3 
- .6 1 1 2 4 
- .4 1 4 !_� 1 10 
- .2 2 5 5 7 19 
,-. 0 .o 9 6 !+ l.j- 23 
+ . 2 'i J 1 l} 11 _! 
+ .4 2 1 1 4 
+ .6 1 1 
+ .8 
+1.0 
over 2 1 3 
total 22 22 22 22 88 
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Table 3 
Changes in Corneal B irefringence band thickness in old CL wearers 
total number of samples 
thickness 
changes Upper Upper Lower Lower Total 
(mm.) left right left r ight 
-2.0 
-1.5 
-1.0 
- .8 
- .6 1 1 2 
- .4 1 1 1 2 5 
- . 2 1 1 1 3 
no change 10 11 9 11 41 
+ . 2 6 3 4 4 17 
+ .4 2 3 4 1 10 
+ .6 2 2 
+ .8 
+1. 0 
over 
total 20 20 20 20 80 
Table 4 
Changes in Corneal Birefringence band number in non-CJ, wearers 
loss or total number of samples 
gain in 
number of Upper Upper Lower Lower Total 
lines left right left right 
-4 
-3 
-2 1 1 
-1 1 1 1 3 
no change 18 18 18 21 7 5  
+1 2 2 1 1 6 
+2 1 1 
+J 
+4 1 1 2 
+5 
total 22 22 22 22 88 
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Table 5 
Changes in Corneal Birefringence band number in new CL wearers 
loss or total number of samples 
gain in 
number of Upper Upper Left Left Total 
l ines left r ight left r ight 
-6 1 1 
-5 1 1 
-4 
-3 2 1 J 
-2 1 1 
-1  1 3 4 
no change 8 8 1 4  9 39 
+1 5 8 2 8 23 
+2 5 4 1 1 0  
+J 3 3 
+4 1 1 
+5 1 1 2 
total 22 22 22 22 88 
Table 6 
Changes in Corneal B irefringence band number in old CL wearers 
loss or total number of samples 
gain in 
number of Upper Upper Lower Lower Total 
lines left right left right 
-6 
-5 
-4 
-3 1 1 
-2 1 1 1 3 
-1 5 2 1 1 9 
no change 8 1 1  1 2  1 1  47 
+1 6 4 7 5 22 
+2 2 1 3 
+3 
+4 
+5 
total 20 20 20 20 80 
- 1 7 -
Table 7 
Changes in Corneal Birefringence band colr in old CL wearers 
color Upper Upper Lower Lower Total 
changes left right left right 
- blue 1 1 1 3 
- yellow 5 1 3 3 12 
- red 1 2 4 7 
+ red 1 3 1 .5 
+ yellow 4 4 2 4 14 
+blue 2 3 3 3 11 
total 0 +7 +2 -1 +8 
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Chart 1 
Birefringence band thicknes s 
non ... CL wearers 
old.,..CL wearers 
new - CL wearers 
-2.0 -1.5 -1.0 -.8 -.6 -. 4 -.2 o.o +.2 +.4 +.6 +.8 +1.0 +1.5 change in 
thickness 
(mm.) 
I 
N 
0 
I 
total # of s
amples 
70 
. 60 
. 50 
. 40 
. 30 
• 20 
. 10 
0 . -6 -5 -4 
I �' 
I \ 
I f 
-3 -2 
-1 0 -t-1 
Chart 2 
Birefringence 
band number 
+2 -t-3 
__ non-CL wear
ers 
old.,..CL wearer
s 
--- new-CL wear
ers 
+4 -t-5 +6 
change in # 
of lines 
D ISCUSSION 
In an experiment of this kind one encounters a number of 
variables that represent difficulty in measurement and quanti-
fication, which leads, therefore, to a certain amount of unreli-
ability. Undoubtedly, mechanical and subject variables in our 
study were present as measuring hazards that deteriorated 
precision. Among the, mechanical variables·the following must 
be considered: 
(1) Description of the colored bands demands an investi-
gator's appraisal of what colors he feels exist. · Interpre�ation 
of colors could vary from -0ne investigator t6 �nother. To over­
come these kinds of measuring problems, one investigator made 
both measurements on one subject. However, there is no question 
that judgment varied from one period to the next. 
(2) Width of the color bands by means of 0the reticule is 
another subjective measurement. The margins of the bands are 
not well defined and they are similar in appearance to that of 
a rainbow which has a haze about it. In addition, when one 
measures the bands in a particular quadrant, t�e same location 
from which the ·first measurement was taken should be repeated 
at the second time. This is\ an important fact6r because on 
occas·ion some bands. would end or begin again iit the same quadrant, 
-21 -
I " 
thus making good measurement, at times, difficult. Finally, 
unsteady fixation by the subject added further difficulty toward 
making precise measurement of band width. 
(3) Angle of the light from the slit lamp is important 
for the attainment of the maximal visible appearance of the 
colored bands. The angle should also be the same for the second 
measurement. 
(4) An additional factor necessary for viewing the colored 
bands at a maximum. is axis placement of the polarizer. Rotation 
of the polarizer can result in either a condition wher� iso-
chromes appear most numerous and in sharpest perspective, or 
where they are almost totally absent. Again,· this maximum must 
be recorded and reset when· the second check is made. Conse-
quently, every effort was put forth to insure data that would 
be influenced ·largely by the changes that were occurring w.i th 
the cornea. 
Other variables less directly related to the presence of 
the isochromes should also be considered, and therefore they 
are listed below. 
(1 ) Subjects' attitudes toward their lenses should be 
reflected somewhat with the keratometric and b�refr�ngent 
changes. More discussion of this follows later. 
t 
(2) Length of wear of the contacts will, �ithout a doubt, 
affect the extent of changes. The time interval should be of 
sufficient duration to allow corneal changes to� have occurred. 
(3) Refractive state and the accommodative system of · the 
subject may affect the status of the colored bapds. This is 
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undoubtedly an. important factor. Such conditions as accommo­
dative spasm, latent hyperopia, pseudomyopia and intraocular 
pressure variations may influence the band measurements from 
one period to the next and, of course, these are unrel�ted to 
the wear of a contact lens. 
Having described what problems existed and recognizing 
certain weaknesses of our study, there still remains much that 
was learned. An analysis of our results shall follow, beginning 
with our own observations. 
· (1) There were certain changes of the isochromes occur­
ring from one time to the next for most subjects who wore cont�ct 
lenses. These changes were associated with different kerato­
metric findings and generally with subject attitude toward the 
lenses. For a few subjects, the changes were quit� evident, 
but for others the changes were more subtle. In addition,. among 
first-time wearers of contacts versus long-time wearers, differ­
ences from one period to the next were greatest for the new 
contact lens wearers. Originally, this was expected and it was 
borne out by our findings. 
(2) Whenever there were changes in band width, there was 
also an associated change in band number and arid band color. 
However, of the characteristics of the isochromes, band width 
was more likely to change than the others. 
(·3) The ability to measure small changes of the cornea 
is more easily quantified with the keratometer than with 
.measurements of the qualities of the isochromes. However, often 
when· changes of the bands did �xist and especially when the 
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changes were large, one discovered increased differences with 
keratometric measurements and even increased subject complaints 
toward the lenses. This does not imply the existence of a 
direct relationship between the "K"s and band changes because 
this was beyond our ability to determine from the methodology 
· • we employed. Among the three determinants which described the 
fit of the contact lenses, (keratometric ±indings, birefringent 
changes and subject attitudes toward the lenses) ,  the kerato-
metric and birefringent changes were more closely related 
because small differences might. be apparent, while the ·sub ject 
remained unaware that anything had occurred. 
(4) Throughout bur study, we expected the stress patterns 
to change when a contact lens was worn, but we were not fully 
prepared for the kinds of changes in bandwidth,· number or color 
that did occur. The surprise in question was the occasional 
reduction of band width or disappearance of some bands at the 
time of the second measurement. Although some{mention had been 
\ 
made in the literature concerning a reduction 'or disappearance 
of bands, generally an increase in stress would mean more band 
\ 
width and band number. However, when the stress becomes rather 
great, a reversal of band changes toward reduction or elimination 
is the result. Real proof that this situation can occu�, and in 
fact other proof that substantiates the whole idea that stress 
patterns change due to outside force lies with another experi-
ment we perform_ed. It was discovered that when a piece of 
plastic or. cellophane is str�tched under a comascope several 
things are ·likely to occur: a) .stress lines app;ear in wide bands 
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first but become thinner and more numerous as the stretch is 
tightened, b) the color of the bands shift from orange-yellow. 
to red to blue and then to blue-yellow, c) with extreme stretch 
the patterns and colors disappear and transparency is lost. As 
stated earlier, other studies have shown that pterigiums and 
edema can cause a reduction or loss of bands. Apparently, there 
is a correlation between our experiment with the cellophane and 
the findings of these researchers. Also, it appears that when 
reduction or disappearance of bands is found, that this is a 
bad sign and therefore could be used as an indicator to.deter­
mine that changes in outside forces, i.e. a contact lens, should 
be made. 
In examining the observations of Moreno and Sanabria, and 
relating these to our findings, certain results are evident. 
We agree 'with their belief that broader bands means less s.:tress 
and an increase in number of isochromes means more stress. A 
glance at our own results generally reinforces�that idea. How­
ever, too much· stress, as mentioned previously� can reduce the 
number and overall size of the colored bands. 
Moreno and Sanabria described a shift of c·olor from red 
and yellow to blue and green as evidence of an increase of 
stress. Althou�h this was evidenced in the experiment with the 
comascope and cellophane, we were not able to draw any real 
conclusions here. Our own data indicate that yellow, then blue, 
then red, in that order, are most numerous among the changes, 
but the results.show too much inconsistency to allow making any 
supported judgments. 
-2.5-
Finally, previous investigators have also characterized 
the stress patterns exhibited by subjects according to refrac� 
tive error. Astigmats have been listed as having more bands 
than spherical corneas and myopes tend to have circular fringes 
as opposed to having the more common diamond-shaped fringes. 
· Although our own data do not show it, we did notice that 
generally this i� true, but is would be hard to quantify because 
of inconsistency ; therefore making prediction difficult . 
... 
.. 
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CONCLUSIONS 
Having investigated a possible useful application of 
birefringence toward the measurement of corneal changes, it is 
our belief that a more accurate method of measuring birefrin...., ·. 
gence is needed. There is no question that our measurements 
were subject to impreciseness. The existence of numerous 
variables and the prevalence of questionable changes led to 
difficult interpretation. Nevertheless, birefringence is a 
phenomenon that is undoubtedly present and therefore should be 
studied and understood. Changes really are going on here And 
no clearer proof exists of that than the simulation with the 
cellophane and1comascope. 
Stress onJthe cornea may, more often tha� not, be offset 
by adaptation. Perhaps changes would have been greater if 
living tissue did not have the capacity to ada�t. Or, maybe 
there were changes actually going on, but we may not have been 
aware of all of them because of some inadequacies of our instru­
mentation. Certainly, birefringence indicates stress and our 
study demonstrates that a contact lens does add more stress. 
Questions still remain, however--how much stress is bad, and 
how much can be tolerated without damage? 
Returning once again to th.e possible uses of birefringence, 
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avenues other than our own should be investigated. Our 
methodology was rather laborious and exact quantification did 
not exist. However, we would suggest that perhaps photographs 
of the stress patterns at the beginning of contact lens wear 
may serve to provide comparison information. The .photographs 
could be matched to stress patterns seen somewhat later, after 
wear of the contact lenses. To have done this in our study 
would have required before and after pictures for recording 
purposes, however, the costs would have been prohibitive. Wh�t 
we have suggested does allow the possibility of followi?g the 
progress o� a patient by using photographs as a baseline. This 
could prove interesting and perhaps valuable.· Quite likely 
there are other uses of birefringence such as in a myopia 
reducti6n program, where lessening of stress woul� indicate 
progress, or in convergence-divergence training (looking for 
reduction of stress, here too), or an investig�tion of circular 
versus diamond shaped fringes may say somethin� about myopia 
and large pupils. Undoubtedly, further study may provide new 
ideas. 
Finally, we began our study with a small amount of back­
. ground knowledge. It was questionable if we could solve the 
problem of how to view the isochromes that had .1been reported. 
Once this was sblved, the next problem was how�best to measure 
\ 
the stress patterns, and another problem was how to recognize 
\ 
changes if the� occurred. We had to choose out own direction 
on how to solva these problems and now with hi�dsight, there 
are unquest·ionably other appro�ches one could . t·:ry. However, 
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' 
we did seek out one avenue and in so doing new information now 
exists and a firmer foundation is provided for other researchers 
in this area. 
" 
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